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1.0

INTRODUCTION
This study was aimed at assessing the feasibility and costs of alternative

production, storage and loading systems for application in the OCS 92 lease
sale area in the North Aleutian Basin. The study was conducted by Brian
Watt Associates, Inc. (BWA) of Houston, Texas, who was the main contractor.
Fabrication, installation, costs and schedules for the steel jackets and hybrid
structures was evaluated by M & R Enterprises of New Orleans, Louisiana,
who acted as sub-contractor to BWA. The study was carried out for the
following participants:

Chevron, U.S.A., Ine.

Conoco, Inc.

Minerals Management Service

Mobil Exploration and Production Services, Inc.
NKK America, Inc. ‘

The lease sale area is shown in Figure 1.0.1. It consists of approximately
9,000 square miles of territory, with water depths ranging from 50 to 300
ft. The majority lies between the 200 and 300 ft contour lines. The area
lies between the 55th and 57th parallels and as such no ice growth occurs
in the region. The area is clear of ice for much of the year, but in the
months between January and April the region is susceptible to relatively fast
moving, rafted ice and first year ridge fragments drifting through and

interacting with fixed or floating structures.

In addition to ice, the area is one of the most seismically active regions in

Continental North America. The North Amak Fault lies close to the region

-and econtributes to the severe seismic criteria ‘mandated in this area.

Earthquakes with magnitude 7 on the Richter scale have been experienced
in the surrounding area in the past 30 years and there is historical evidence
that earthquakes in excess of magnitude 8 on the Richter scale have occurred.

The lease sale area is prone to relatively severe wave conditions of magnitude

similar to usual design criteria for the Gulf of Mexico.
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With due regard to the environmental characteristics of the lease sale region

a number of different concepts were assessed for their feasibility and costs.

Among these were:

1)

2)

3)

4)

A piled steel jacket with remote storage and loading. This
concept, shown in Figure 1.0.2, is typical of the many thousands
of piled steel jackets used for production and drilling around
the world.

A steel jacket with integral storage. This concept, shown in
Figure 1.0.3, combines a concrete base used to provide storage
and a steel tower used to support the deck. Loading and
shipment of oil would take place from a remote loading buoy.

A concrete gravity platform with integral storage. This concept,
shown in Figure 1.0.4 is typical of similar platforms used in
the North Sea for production and storage. Loading and shipment
of oil would be as in Concept 2.

A number of different tanker based floating production, storage,
and loading system combinations were examined. A typical case
is shown in Figure 1.0.5. Included were subsea templates and
marine risers.

In addition to the basic concepts, the feasibility and costs of required

ancilliary items such as pipelines were established. In all cases, base case

scenarios were established and their sensitivity to various parameters, such

as the environmental criteria, was determined. Particular emphasis was

placed on the fixed platforms and especially the piled steel jacket concept.

The floating concepts received a more general and less analytical review.

Seismic loads were the principal environmental events studied for all fixed

cases.

-
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1.1

Study Scope and Objectives

The objectives of this study were as follows:

1) To assess the feasibility of alternative concepts for production
platforms, storage and loading systems, and pipelines for use in
the North Aleutian lease sale offshore Alaska, and,

2) To perform an economic trade-off between the alternative
concepts, with particular reference to capital cost, schedule,
cash flow and manpower requirements, and,

k)] To study the sensitivity of the cost and feasibility of the
concepts to changes in significant environmental parameters.

The met‘nodkof approach used in this study was to perform an initial feasibility
analysis which concentrated only on those parameters likely to significantly
affect technical feasibility, cost and schedule. The intention was to develop
the concepts in sufficient detail to establish that they were feasible and to
provide major member sizes and dimensions suitable for the determination of
required material weights, costs and schedules. No sophisticated analysis of
factors affecting cost and feasibility in a secondary way was performed.

While a general approach on a relatively large number of concepts, rather
than a detailed analysis of a single concept, was used in the study, the
methodology used was state-of-the-art. Seismic analysis was performed using
both response spectrum and time history methods, ineluding the generation
of artificial earthquakes, and both ice and wave load analysis were based
on recognized design procedures.

In developing the concepts, the approach taken was to establish a series of
base case scenarios where the following variables were fixed:

- deck weight
- water depth
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- seismic criteria

- ice criteria

- wind and wave criteria
- installation methods

For each of these parameters, the sensitivity of the concept to changes
within realistic ranges was established. The specific base case values and
sensitivity ranges are discussed in the various concepts.

The approach and methodology used are consistent with realizing the
objectives of this study. The concepts in no sense represent a bid level
design, but they have been established using realistic and sophisticated
engineering analysis and represent a realistic basis for establishing material,
cost, and schedule requirements for various drilling and production systems
in the North Aleutian Basin.

In the design of all the fixed structure concepts the deck design was not
included. Suitable provision was made for the deck in terms of weight, cost
and schedule by comparison with existing decks on similar structures.

Attention in this study was focused on the capital costs of the installed
hardware only. No costs are included for well drilling, supply, logisties,
operation, maintenance, ete. It was assumed that participants would carry
out financial analyses to meet individual needs based on the supplied
information.

Report Organization
This report is grouped loosely into four major divisions. In the first division,

Chapters 2 through 4, describes the environmental eriteria developed for the
North Aleutian Basin and a general description of the proposed concepts is
given in Chapter 3. The methodology used in developing costs and schedules
is given in Chapter 4.
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In Chapter 5 through 8, the three fixed structure concepts are described in
detail. For each concept the method of approach and analysis methods are

F"” discussed together with a summary of the major analysis results. The costs

e and schedule for the construction of the specific concept is discussed and

""’ the sensitivity to changes in various environmental operational parameters is

; established. Conclusions and recommendations are given for each concept. |

- Each of the three fixed structure concepts is discussed in a self contained

format which allows that concept to be considered separately. In Chapter
~ 8, the implications of potential liquefaction, which affects all three fixed
! platforms, are discussed.

- The floating production and storage concepts are discussed in a similar way
in Chapters 9 and 10. The emphasis is on a concise description of the
concept, its cost, schedule, and sensitivity. In addition, factors of particular
importance to floating systems, such as weather related downtime were
evaluated.

- In Chapter 11, pipelines which are common to all field development scenarios
; are discussed. Pipeline size selection and cost are discussed. A series of
realistic field development scenarios using the various concepts were

;—-. ) developed in Chapter 12. The capital costs implied in the development plan
| were evaluated. General conclusions and recommendations for the study as

”: - a whole are presented in Chapter 13.

. A summary of the estimated costs and assumptions made in the cost estimates

ki is given in this report. A more detailed breakdown of the costing procedure
: is given in Appendix A to this report under separate cover. The reader is

b { cautioned against directly comparing fixed platform and floating system costs.

-~ The initial capital costs for fixed platforms include drilling rig and equipment

5 capital costs. The floating system does not. Other significant differences

are pointed out in the text.
e
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DESIGN CRITERIA FOR THE NORTH ALEUTIAN LEASE SALE AREA
The North Aleutian Basin lease sale area, OCS 92, lies off the west coast
of Alaska, to the North of the Unimak Islands and the Alaskan Penninsula

and to the east of St. George Basin and the Pribilof Islands. It is
approximately 600 miles southwest of Anchorage and lies offshore in a largely
uninhabited and undeveloped region with water depths ranging from 50 to
300 ft in the lease sale area. The area is shown in Figure 2.0.1.

Because of the active seismic nature of the area and the presence of faults,
the major design level environmental loading on fixed platforms will be
derived from the strength level earthquake. In addition, because of the
presence of drifting ice in the region the fixed and floating systems must
be analyzed under design ice level forces. Wind and wave conditions are
required for fixed structure design and for assessing the operational and
survival capabilities of floating systems.

The various environmental and operational criteria, required for this study,
are described in the following sections.

Atmospheric_Conditions, Temperature and Ice Accretion Criteria

The lease sale area lies on the continental shelf, southwest of Bristol Bay
and to the north of the Aleutian Islands in a region that is dominated by
maritime influences as shown in Figure 2.1.1. The area is characterized by
relatively low temperature variations and a moderate eclimate for this region,
as shown in Figure 2.1.2. The prinecipal data source used for determining
environmental data was Reference 1. Additional data was obtained from
References 2 through 5.

The mean air temperature during the winter months is moderate and the
limited number of freezing degree days ensures no growth of sea ice in the
region. The average annual maximum temperature for the region is 5.0°C
(41°F) and the average annual minimum temperature is -0.8°C (31°F), indicating
a relatively cool summer and warm winter climate.
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- The average annual kprecipitation in the lease sale area is 22.6 inches, with

percipitation of one form or another occurring almost 25% of the year as
shown in Table 2.1.1.

A condition of significant interest for loading and transportation of crude,
is high annual occurrence of reduced visibility in the lease sale region.
Because of the closeness between the air temperature and the seawater
temperature over much of the year, fog is a common occurrence in the lease
sale area. Percentages of occurrence of reduced visibility, defined as
visibility less than 5 miles, obtained from various locations around the lease
sale area are given in Figure 2.1.3. Visibility is reduced by fog approximately
half the time in summer. In the winter months the occurrence of snowfall
and blowing snow offshore will further reduce visibility. The estimated
average annual frequency of occurrence of reduced visibility due to all
sources is 28.8%, but this number varies significantly over the lease sale
area, increasing from east to west. The issue of fog and reduced visibility
is further discussed in Chapter 10 where weather downtime associated with
offshore loading pperations is discussed.

While no sea ice growth occurs in the region, in the computation of deck
weight for fixed platforms and in the computation of heating requirements
needed on floating production systems the accretion of ice on exposed surfaces

must be included. Ice accretion can be extremely severe in this region and

data available from References 6 through 8 indicates that acecretion rates
can range from 1.25 to an extreme value 3.75 inches per 3 hour time period.

Bathymetry, Wind and Waves

In addition to References 1 through 5, the major references consulted for
wind, wave and current data were References 9 through 14. The lease sale

area shown in Figure 2.2.1 covers an area of 9,000 square miles. The

bathymetry is relatively flat. Water depths range from a localized low value
of 50 ft in the extreme northeastern region to a maximum of 300 ft in the
northwestern lease sale area. The majority of the lease sale area has a
water depth of between 200 and 300 ft.
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Offshore wind conditions are extremely variable in the area. The predominant
wind direction in summer is from the south while in winter the dominant
wind direction is from the North. The annual mean wind statistics are given
in Table 2.2.1. Light summer wind conditions are indicated with maximum
wind conditions likely in the early winter months.

The design wind speed conditions as a function of return period are given
in Table 2.2.2. For a 100 year return period the design wind speed is 106
knots. The one minute average wind speeds are given in this Table. Wind
speeds referred to other time periods can be developed according to the
rules specified in Reference 19.

The wave conditions over the area are characteristic of a seastate dominated
by short duration storms, a limited feteh and the relatively shallow depth.
The Aleutian Islands provide shelter for the region and the variable wind
climate produces mainly short period, choppy seas. In summer the seastate
is dominated by westerly wave conditions. Only 1% of the waves in an
average summer exceed 12 ft and 75% of the wave periods are below 6
seconds. In winter the wave climate shifts to the North and Northwest
increasing both in magnitude and period. Typically 99% of the waves are
less than 20 ft in winter. The summer (June), winter (November) and long

term wave climate is given in Figure 2.2.2.

The design wave conditions for the fixed platforms are summarized in Table
2.2.3 for the maximum (300 ft) water depth and presented in Figure 2.2.3 as
a function of water depth over the lease sale area. The maximum design
wave height for fixed structures is 71 ft, with the peak spectral period of
the associated JONSWAP spectrum being 14 seconds.

The ecurrent regime in the lease sale area is influenced primarily by the
Alaska Current and the topography of the Unimak Pass and Isanotski Strait.
The area tidal currents are driven by the ecounterclockwise gyre in Bristol
Bay and the prevailing winds. At the various passes, tidal currents can reach
4 knots. The design level extreme surface currents are given in Table 2.2.4.
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The mean tidalkrange is expected to be 6 ft offshore in the North Aleutian
region, while nearshore in various bays and inlets tides in the 10 to 14 ft
range occur. In addition the expected storm surge for use with maximum
wave conditions is 2 ft. In the nearshore regions storm surges in the 4 to 6
- ft range are possible.

A summary of the wave, wind, current and tidal climates used in the design
is given in Table 2.2.5.

Seismic Design Criteria

The southern coast of Alaska and particularly the North Aleutian Basin is
“@n active and severe seismic region. The northern regions of the lease sale
area are influenced by the North Amak Fault Zone which probably penetrates
directly into the lease sale area. In the past 30 years earthquakes centered
in the region have occurred with a Richter magnitude of at least 7 and
historical evidence indicates that Richter magnitudes exceeding 8 have
occurred in the lease sale area. A summary of recorded seismic activity in
the general area, extracted from the OASES stud‘y, Reference 16, is given
in Figure 2.3.1.

In developing seismic design criteria for fixed and floating structures, various
descriptions of an earthquake are used in practice. The most comprehensive
description of an earthquake is by means of a time history such as that
shown in Figure 2.3.2. This provides complete information on the ground
motion. In the North Aleutian Basin, all earthquakes have been measured
at land based stations, remote from the region. Hence, no actual ground
motion traces are available for specific sites in the lease sale area.

Simpler measures of seismic activity are based on characteristic values of
the earthquake, such as peak ground acceleration, maximum pseudo velocity,
ete. These parameters in themselves are not sufficient to deseribe an
earthquake. They are generally coupled with a measure of the frequency
content of the earthquake in the form of a response spectrum. A typical

response spectrum is shown in Figure 2.3.3.
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The approach taken in this study has been to characterize the seismic behavior
by means of the response spectrum method. This is consistent with the non-
availability of site specific data and the requirement to provide a realistic
and safe envelope for design purposes. In situations where time histories
were required for analysis, the approach has been to generate a number of
artificial earthquakes all of which provided the target design spectrum. The
artificial records were generated using the program SIMQKE, Reference 15.

The most comprehensive publiec domain study of seismic eriteria in the region

is the OASES study, Reference 16. Contours of maximum acceleration with
a nominal return period of 100 years are provided. Peak ground accelerations
of between 0.15 g and 0.35 g are indicated, as shown in Figure 2.3.4. In
the design of fixed platforms, the usual target return period is 200 years.
It should be stressed that, especially in seismic analysis, return periods should
not be viewed in an absolute sense but rather as a relative measure of
seismic severity.

The design response spectrum, selected in consultation with the study
participants is shown in Figure 2.3.4. The peak ground acceleration is
approximately 0.35 g. For comparison purposes the design response spectrum
is compared with the API, Zone 3 response spectrum, Reference 20, specified
for the general lease sale area in Figure 2.3.5. The design spectrum has a
spectral acceleration which is typically about 50% higher than the API
spectrum over the frequency range of interest in this study (approximately 0
to 2 second periods). In effect the design spectrum lies close to the maximum
API Zone 5 criteria.

In applying the spectrum it has been assumed that the earthquake is measured
at the mudline, i.e., all local site dependent soil amplification effects have
been included in the spectral shape. To establish the sensitivity of the
structural concepts to the uncertainties in the definition of seismie criteria
the API Zone 3 criteria were also applied to a limited number of cases.
The directional rules for combining earthquakes specified by API in Reference

-~
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20 were used in the structural 'désign, i.e., components of 1 and 0.67 in the
horizontal direction and a 0.5 component vertically were superimposed.

' Sea Ice Criteria

The small number of freezmg degree days eliminates any potential for sea
ice growth in the region. The region is charactenzed by drifing ice floes
during a season which lasts from early January to late April. Coverage on
the average is approximately 50% in the most northerly areas of the lease
sale region. Based on the average of 17 years data, Reference 17, for the

‘northern edge of the area, there is no ice 25% of the season and coverage

is less than 75% for three quarters of the ice season. However, it should
be noted that 100% coverage does occur. The occurrence of ice decreases
rapidly towards the south. The presence of ice on a half month basis is
shown schematically in Figures 2.4.1 and 2.4.2. Ice incursions below the
56th parallel, i.e., for the southern half of the lease sale area, are extremely

rare.

In addition to ice sheets, first year ice floes, having predominantly rounded
edges due to ice/ice collisions and ice/water interaction do occur. These
floes are generally less than one quarter mile in diameter. Coverage of the
area with floes is generally less than 10%, although up to 40% coverage with
floes has been observed.

The principal design requirements for fixed and floating structures are:

1) Global forces on the complete system

2) A pressure area criterion for the local design of structural
components and members.

For the purposes of meeting these requifements, data is required for:

o Ice thickness
o] Ice velocity



C

bwa

-12-

o Ice strength

‘Based on the number of freezing degree days, the anticipated ice growth in

regions surrounding the lease sale area is given in Table 2.4.1. The proposed
sheet ice design thickness for use in the lease sale area is 24 inches. This
is compared in Table 2.4.2 with sheet ice thicknesses previously used in the
design of existing structures in other areas. The design thickness for rafted
ice is assumed to be a double sheet thickness or 48 inch.

In addition to the sheet ice loads, a first year ridge ice thickness of 3 times
the sheet ice thickness or 72 inches has been used, for reasons to be explained
in the following.

The standard procedures for computing ice loads on fixed structures are
defined in API, Bulletin 2N, Reference 27. For a floe or sheet impinging on
a circular member

F=I*f*C*(D=*1t) (2.4.1)
where
is an indentation factor
f a contact factor
C the unconfined compressive strength

D,t the member diameter and thickness

The first three factors I * f * C represent the ice pressure. Rather than
trying to estimate the parameters individually, the approach taken here has
been to estimate the ice pressure by inference from the measured data
presented by Blenkarn, Reference 17. From measurements made in 1964
through 1968 in Cook Inlet, average crushing pressures of 20 to 160 psi were
measured on ice thicknesses of 5 to 45 inches at effective strain rates of
0.14 to 0.24/sec. Assuming the form of the unconfined compression strength
curve shown in Figure 2.4.3 and for an estimated strain range of 0.005 to
0.24/sec for the structural member diameters used in the proposed concepts,
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a similar pressure can be anticipated in the North Aleutian Basin. An
effective crushing pressure of 160 psi has been assumed for the computation
of ice loads. Because the test results in Reference 17 produced ridge loads
of three times the magnitude derived from the sheet ice, a ridge thickness of
6 £t (3 thicknesses) has been used for ridge load computation. The maximum

ice load on a large area of a structure is thus,

3 x 2 ft x 160 psi
= 138 kips/ft

The design ice loads proposed here are compared with existing Cook Inlet
structures in Table 2.4.3.

The pressure area curve used for the local design of the members is given
in Figure 2.4.4. The maximum pressure of 400 psi reducing to 160 psi for
areas greater than 100 ft2 is based on the relatively high temperature of
the first year ice which has been shown to produce effective pressures well

below those proposed for the cold, multi-year Beaufort Sea ice.

Geotechnical Criteria
In the present study only limited application was intended for the geotechnical

criteria. While penetration lengths for piles in the jacket concepts and
global geotechnical stability for the gravity systems was performed, no

'dynamic analysis of the pile/soil system under earthquake loading was

undertaken. Two soil profiles shown in Figure 2.5.1 were used in this study.
Profile A has a 60 ft layer of dense sand overlaying stiff clay with an
undrained shear strength rising from 2 ksf at 60 ft to 5 ksf at a 500 ft
depth. Profile B has a 20 ft layer of sand overlaying a 55 ft clay layer
which in turn overlays dense silty sand.

Platform Function and Operational Criteria

Two base case production scenarios were specified for the study. The
seenarios for 50,000 and 100,000 bpd production rates are defined in Tables
2.6.1 through 2.6.4. For fixed platforms, the most important parameter is
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the weight and eccentricity of the deck and its equipment. In the seismic
environment deck load is significant. The estimated total deck load is 60,000
kips for a 100,000 bopd production rate. For the purposes of design, a base
case deck load of 60,000 kips was assumed and in the sensitivity studies
performed, the deck load was varied from 40,000 to 100,000 kips.

The anticipated deck layouts are given in Figures 2.6.1 through 2.6.4. A
major concern in the conerete gravity structure of Figure 1.0.4 was to ensure
sufficient clearance internally in the tower legs for the required number to
conductors. Typical layouts of the conductor system in eircular legs are
shown in Figure 2.6.5.

Design Codes

The design codes used in this study are as follows:

Primary Codes

Steel Jacket & Piles API RP 2A, Reference 20
Concrete Structures

and Foundation ACI 357, Reference 28
Floating Systems ABS Rules, Reference 29

Secondary Codes
Applicable DnV Code, Reference 19 or 30
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CONCEPT DESCRIPTIONS

The water depth range in the lease sale area is potentially suited to the
application of a wide variety of coneepts and field development plans. The

" ‘major requirements in any chosen system are as follows:

3.1

1. A production capability. Two different production capabilities
were examined in this study, including a conventional fixed
platform deck, and a tanker based floating production system
coupled with a subsea template system.

2. A storage capability. In this study two different stobage
capabilities were explicitly examined. In two of the fixed
platform concepts discussed in Chapter 1, an integral storage
capability was provided in the base caisson. In addition for
fixed platforms without storage, a tanker based floating storage
capability was assessed.

3. A transport capability. For all concepts considered, a shuttle
tanker system was assumed to transport the produced crude to
the U.S. West Coast. In addition, the feasibility and costs of
pipelines between integral storage systems, and remote loading
buoys was considered.

The fixed platforms considered included both steel, concrete, and hybrid
steel-concrete systems. All floating production, storage, and transport
systems were assumed to be tanker based. A description of the development
of each system is given in the following sections.

Jacket Structures

The conventional steel jacket system shown in Figure 3.1.1 was considered
for all water depths over the lease sale area. In developing ‘the jacket
outline, several considerations and initial assumptions were required. To
represent the lease sale area and to assess the sensitivity of cost, schedule,
and feasibility to water depth, two target values of 150 ft and 300 ft were
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selected for this parameter. These depths bound the majority of the lease
sale area where steel jacket platforms would be installed.

The lease sale area is subjected to severe seismic eriteria as diseussed in
Chapter 2. It was anticipated initially, and confirmed subsequently, that for
single jackets carrying all the production equipment, the loadout weight of
the jacket would far exceed lifting capacities routinely available (up to 3,000
tons) and hence, launch trusses were incorporated into all the single jacket
concepts in both 150 and 300 ft water depths.

The placement of the deck on the jacket was considered to have no influence
on the member layout allowed for the jacket. In the case where an integrated
deck is considered, essentially fully constructed and hooked up prior to mating
with the jacket, additional restrictions would be imposed on the layout of
the jacket framing and/or the mating and completion offshore of the
jacket/deck system. These restrictions were not explicitly considered in this
study, either in the feasibility or cost of completing the deck/jacket system
in this way. The methodology and costing used in the deck/jacket design
and installation are consistent with lifting the deck into place in sections as
is the case in typical Gulf of Mexico and North Sea situations. This approach
was taken because the use of a floatover deck is severely restricted by
several factors. The wave climate in exposed areas makes installation
difficult. The presence of ice results in a protection system for the conductors
which would interfere with the deck installation process. Of most concern,
however, is the requirements imposed by seismic loading. Cross bracing
through the waterline is essential and unless substantial and expensive offshore
construetion of these braces were undertaken, standard floatover procedures
would be impossible.

Two options were available for the placement of conductors. The first option
considered was to place the conduectors in large diameter legs and to drill
through the legs. The major advantage of this system was that the conductors
were enclosed and protected from direct ice attack. This system has been
employed particularly in Cook Inlet, where similar ice conditions exist. The
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drawbacks. For production rates in the range of 50,000 bopd to 100,000
bopd, leg diameters in the 40 to 55 ft range were required. The use of
these large diameter legs would place the piles, supporting the axial and
shear loads in close proximity to the conductor system, leading to a reduced
and more uncertain capacity for the piles because of interference and driving
effects from the conductors. In addition, the close proximity of piles and
conductors is undésireable in light of potential drilling accidents.

In conventional systems, the large diameter legs would be vertical. The
severe seismic criteria ensure that the shears and flexural stresses on the
piles at the mudline region will be severe. Under these circumstances, a
battered pile system is highly desireable.

" After a careful review of the potential advantages and disadvantages, the

option of drilling through the legs was abandoned. For both the 150 ft and
300 ft water depths an eight leg jacket structure with one main pile per
leg and an additional number of skirt piles, determined as required, to

‘adequately support the platfofm was selected. The conductor system was

positioned clear of the legs and protected by a cage system extending 15
ft above the mean water level and almost 100 ft below the mean water level
depending on the watker depth. This ensures that the conductors are
adequately protected from unbroken ice, allows the use of double batter with
a launeh truss, and separates the piles and conductors.

The concepts selected for study in 150 and 300 ft water depths are shown

in Figure 3.1.1. In each case it was assumed that all deck facilities and
equipment were carried on a single platform. In addition to the options of
using a single platform in all water depths, the use of multiple four leg
platforms with launch trusses, each carrying a portion of the facilities weights
was examined and is discussed in Chapter 5. The rationale for the selection
and layout of these jackets was based largely on the same parameters as
discussed in this section, with the reduced deck area and deck loads allowing
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a reduction to four legs. A typical elevation for a multiple platform in 150
ft water depth is shown in Figure 3.1.1.

Bybrid Steel/Concrete Structure
The hybrid structure shown in Figure 3.2.1 combined a concrete caisson used

for integral oil storage, with a steel jacket used for support of the produetion
and facilities decks. The jacket structure was designed based on similar
considerations as those deseribed for the pile structure in Section 3.1. The
jacket legs have a double batter and have a steel cage system protecting
the conductors. As for the piled jacket, two base case water depths were
considered, specifically, 150 and 300 ft water depths.

The size and dimensions of the base caisson are controlled by a number of
variables. A target storage quantity of approximately 9 days production was
used, leading to a minimum storage requirement of 900,000 barrels for the
100,000 bopd production case and 450,000 barrels for the 50,000 bopd case.
In addition, the base caisson was sized to provide sufficient volume for the
ballast material required to resist sliding under wave, ice and seismie
conditions and to allow a 20 ft water/emulsion layer to be positioned between
the stored oil and the ballast material.

In developing the \concept, it was assumed that the ecaisson would be
constructed separately and towed to an inshore mating site. The steel jacket
would be lifted on and welded in sections. The deck and associated modules
would be placed in several lifts at the inshore site. It was also assumed
that the jacket legs would be grouted directly into slots in the base caisson.
The completed facility would be towed to loeation and installed on the seabed.

The concept was developed for both 300 ft and 150 ft water depths. An
additional consideration in the lower water depth was to minimize the
interaction of the caisson top and wave zone. For this reason, the height
of the caisson in the 150 ft water depth was limited to 90 ft.
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Concrete Gravity Platform

The concrete gravity platform was designed to the same eriteria and base

cases as the other fixed platforms described in the previous two sections.
The platform outline is shown in Figure 3.3.1. The base caisson for oil
storage was designed as discussed in the previous section for the hybrid
struecture. |

The concrete tower sections were designed to meet the operational and
environmental criteria. Two distinet tower leg types were used. Two large

_ diameter drilling towers have the inside diameter controlled by the well

spacing requirements. The minimum diameter for the 100,000 bopd production
case is 56' 10". The remaining two towers are used for various utilities and
have an outside diameter of 40 ft. The lower regions of these towers are
tapered to provide the same base diameter as the drilling towers. This
facilitates the intersection between the towers and the base caisson.

The tower wall thicknesses are tapered according to the requirements imposed
by the applied bending moment. The walls have both nonprestressed steel
and prestressing steel as required by the imposed stresses from seismic, ice
and wave loading.

Floating Production Storage and Offloading (FPSO) and Floating Storage

Offloading (FSO) Systems

A number of alternative tanker based floating production and storage systems
were intially screened. The original candidate systems examined are shown
in Figures 3.4.1 through 3.4.5. All the systems are connected to a total of
eight subsea templates, each having eight slots, one which is reserved for
gas injection purposes. The principal differences between the systems are:

1. Type of riser, i.e., flexible or rigid.

2. The mooring system, i.e., catenary or single anchor leg, catenary
anchored tower or catenary anchored buoy.
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In all cases, a 126,000 DWT tanker was used for floating production and/or
storage analyses. A single water depth of 250 ft was used for the purposes
of design.

To assist in screening the concepts, preliminary analyses were conducted on
a number of key components. The seastate spectra with return periods of
100 and 1 year are shown in Figure 3.4.6. The response amplitude operators
for the tanker are given in Figure 3.4.7. A summary of anticipated tanker
motions is given in Table 3.4.1, for the survival condition in a 100 year
storm. The estimated total forces on the tanker from various sources are
given in Table 3.4.2. The steady design load for the mooring system, combined
with an anticipated first order surge of 15 ft was used to design the mooring
system. A symmetric, 8 leg system using 5 3/4" grade 3 chains and a chain
length of 3,060 ft, was determined. A curve showing force against exeursion
in the individual moorings is shown in Figure 3.4.8.

It was assumed in the study that floating production and/or storage tankers
would be ice strengthened. An allowance was made in the cost estimate
for limited ice strengthening of the hulls. It was noted in Chapter 2 that
over much of the region ice oceurs very infrequently.

In the initial phase of the study, a total of 10 subsea templates were
envisaged. The initial layout for the proposed flexible riser and rigid riser
is shown in Figures 3.4.9 and 3.4.10. As the study progressed the number
of templates was reduced to 7 producing templates and 1 for gas reinjection
and the riser layout was modified to that discussed in Chapter 8.

The buoy sizes required with both rigid and flexible risers were estimated
and the forces on the buoys computed in Tables 3.4.3 and 3.4.4. In the case
where the buoy is restrained against vertical motion by the risers almost
350 tons of forece is generated on the rigid risers.

The basic feasibility checks described here, indicate that all the concepts
appear at least superficially to be practical. The actual selection process
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for the optimum 61"widea‘1‘ cohéépt is best 'pkerfor'méd by a detailed study and
trade-off analysis of each type. Consistent with the scope of this study a

subjective but realistic comparison study was performed. Each system was

ranked in 6 broad categories as follows.

Technical Merit (40)

Impact on Captive Tanker (25)
Hull and Outfitting Cost (35)
Mooring and Riser Cost (35)
‘Operating Cost (30)
Reliability and Safety (35)

© 0 © © O ©

These six categories were each assigned the relative weight, shown in
parenthesis, i.e., for example "Technical Merit" was ranked to have a relative
weight of 40/25 = 1.6 times the weight of "Impact on Captive Tanker."

Each of these main categories was subdivided into a number of subcategories,
whieh are listed in Tables 3.4.5 through 3.4.10. Each subcategory was
assigned a basic score of 1 to 10, 10 being the best. In addition, a relative
weight was assigned to each subcategory.

The scores and weights for each system by categbry ai‘e shown in Tables
3.4.5 through 3.4.10. An overall score for the total system is given in Table
3.4.11. The "best" system according to this method is a Turret Moored
Tanker with a Flexible Riser. This system was judged to be the most reliable,
havé the lowest operating; mooring and riser costs and to have the most
technical merit. These factors outweighed the increased impact of the system
on the captive tanker and the resulting increased hull and outfitting costs
associated with the turret mooring system.

For floating production and floating storage applications, the results of this
ranking excercise indicated that the TMFR (Turret Moored Flexible Riser)
scheme was optimum.' This was the basis of the selection of this secheme
for more detailed study and cost estimates.
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Shuttle Tanker and Remote Loading Systems

All the concepts proposed in this study, both fixed and floating could require
& shuttle tanker system to transport crude. In cases where FPSO or FSO
systems are used, the shuttle tanker will be moored in tandem at the stern
of the captive tanker. For the hybrid and concrete gravity systems a remote
loading system will be required in conjuction with the shuttle tankers.

Three of the systems previously examined for the FPSO/FSO tanker system
were also used in an investigation of shuttle tanker and remote loading
systems. An additional concept was also examined for this requirement. The
CAM system of Figure 3.5.1 has the advantage that when the remote loading
operation is complete, the mooring and loading hardware will automatically
be lowered out of the potential ice zone.

The shuttle tanker was assumed to have a displacement of 60,000 DWT. A
preliminary investigation of the motions was made. The RAO's of the tanker
are given in Figure 3.5.2, the extreme motions in the 1 year storm are given
in Table 3.5.1 and the mooring forees in Figure 3.5.3.

A procedure identical to that used in the evaluation of captive tanker systems
was used to select the shuttle tanker. The major categories are similar to
those previously used:

Technical Merit (46)

Hull and Outfitting Cost (40)
Mooring/Riser Cost (40)
Operating Cost (34)
Reliability and Safety (40)

© © O o o

The ranking study is summarized in Tables 3.5.2 through 3.5.7. The CAM
system of Figure 3.5.1 was judged to be the optimum for the remote loading
system. This system has signficant technical merit, performs well in ice,
and has superior reliability and safety. The operating and hardware costs
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o are competitive. As a result of this excercise the CAM system was selected

~ as the optimum case for further study.

;o |

3.6 Pipelines

F The use of pipelkines‘ to transport erude at the production rate was considered

b in conjunctionk with fixed structures. In the case of the concrete gravity

~ and hybrid concepts a one mile length of pipeline was considered to transport

b crude to the remote loading buoy. In the case of the jacket system, a
pipeline may be required to transport crude to a floating or buffer storage

7

f system. In addition the possibility of using a pipeline to shore for the jacket
system was briefly investigated.

Ty

=

Pipelines were also used in conjunction with floating production systems in
: conjunction with the subsea templates. A total of 8 pipelines were required
L to connect the flexible risers to the individual templates.
b 3.7 Field Development Scenarios
~ A total of five field development scenarios were considered, for all water
{ depths, and for all production rates defined in this study.
Scenario 1: A jacket structure with no integral or floating storage
connected by a marine pipeline to shore. While not explicitly
g: considered in this study it is expected that a landbased pipeline would
= link this system to a loading terminal.
& Scenario 2: A jacket structure connected by a one mile pipeline to
~ a Turret Moored Flexible Riser (TMFR) floating storage tanker with
. shuttle tankers to transport the crude.

1

P
i

Scenario 3: A hybrid structure connected by a one mile pipeline to
a remote loading buoy with shuttle tankers for erude transportation.

3

.

i |
o |
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Scenario 4: A concrete gravity structure connected by a one mile
pipeline to a remote loading buoy with shuttle tankers for crude
transport.

Scenario 5: An FPSO, with 8 subsea templates, connected by 8 x
two miles of pipeline to flexible risers, with shuttle tankers for

transport.

The floating production and/or storage assumes a TMFR tanker based system.
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COST BASIS AND SCHEDULE DETERMINATION

A major objective of this study was to produce realistic estimates of the
required construction and installation schedule, together with capital cost
and cash flow requirements. Only capital costs were considered. No annual
operating, maintainance, supply, drilling, ecrude transport, logistics, ete., costs
were included in the cost estimates. The cost information was developed
for the following specific cases.

Steel Jacket Platforms

Hybrid Platform

Concrete Gravity Platform

Floating Production Storage and Offloading System
Remote Loading/Mooring System for Shuttle Tankers
Seabed Pipelines '

© © 0 0 O O ©o

Subsea Templates

In developing cost and schedule information, all fixed platforms were assumed
to be constructed in Japan and towed to the North Aleutian Basin installation
site. As an alternative, the cost sensitivity of constructing the platforms
on the West Coast was examined. For all fixed platforms two production
rates, 50,000 and 100,000 bopd were considered. In addition two water
depths, 150 and 300 ft were assessed. For floating systems a single 250 ft
water depth was analyzed.

In developing the cost data, the eonstruction, transportation, and installation
were divided into a number of key items. For a fixed structure the major
items considered were:

o] Material Procurement and Cost
) Jacket or Concrete Tower Fabrication, Transportation, and
Installation.
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o Deck Fabrication, Transport, and Installation
0o Pile Fabrication, Transport, and Installation
o] Module Transport, Hookup, Installation, and Commissioning
o] Base Caisson Construction, Transport and Installation
o Inshore and Offshore Mating Procedures, Schedules and Costs

o

Required pipelines, templates, and offloading systems

The various floating systems were costed for primary items including:

o] Tanker and Equipment Procurement and Cost

o] Tanker Modifications including Iee Strengthening

o] Mooring System Fabrication, Transport, and Installation

o Riser Fabrication, Transport, and Installation

o} Subsea Templates Fabrication, Transport, Installation and Hookup
o System Commissioning

In developing costs for the scenarios, the costs associated with erude
transport, i.e., shuttle tankers, landbased pipelines, onshore or nearshore
terminals, ete., were not included. When comparing fixed and floating
systems, it should be recognized that the fixed structure capital requirements
include the costs for drilling rigs and support equipment. The floating
production system on the other hand, does not include these costs because
the rigs are normally leased. In addition costs for such activities such as
well completions are much more expensive than those associated with a fixed
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éns structure. The difference in cost for Christmas trees is on the order of
$650,000 per well. For the 56 well, 100,000 bopd production rate, this
m amounts to $MM34.5. Drilling times are longer and drilling is more complex

through a subsea system. Note also that a significant amount of drilling
cost will be incurred prior to commencing production. In the fixed platform

case, production can commence on completion of the first well and continue
as additional wells are drilled. In summary, when comparing fixed and floating

gmf systems it should be borne in mind what is included in each case.
ﬁ : The procedure followed in developing costs and schedules was to initially
- estimate required material quantities. A schedule was developed based largely
f';* on previous industry experience with similar structures. Costs were based
o on appropriate unit rates for material and fabrication and on prevailing
r equipment mobilization and day rates for required marine equipment. On
“ o completion of cost and schedule summaries a cash flow projection was made
- | for each system. For the specific case of the concrete gravity platform,
Ei constructed on the West Coast, & manpower summary was prepared.
ﬂ To develop realistic cost estimates, a variety of contractors, manufacturers,
and equipment suppliers were requested to provide cost information. These
‘“ : firms provided pricing data and current day rates. In addition, BWA and M &
- R have used their previous experience with similar structures. The information
! supplied by the various outside sources was compared with our inhouse cost
ki ‘data base and final costs were selected.
L The specific assumptions made in costing each system and cost summaries
are given in each concept description in Chapters 5 through 12. Total
o capital costs for the field development scenarios described in Section 3.7
are given in Chapter 12.
i

ﬁ‘ i
v
o
¥
L




bwa

C

5.0

5.1

-28-

PILED JACKET STRUCTURE

The conventional piled jacket system is the most commonly used platform
type for production and production/drilling operations offshore. Over 3,000
of these structures have been placed in the Gulf of Mexico alone. In the
design of the jacket structure, the procedure described in Figure 5.0.1 was
followed. The present study focused on inplace design of the jacket under
wave, ice, and seismic loading conditions, and although provision was made
for launching the jackets by inclusion of launch trusses in the weight and
cost estimates, no analyses were performed for loadout, transport or launch
considerations.

Attention was focused on a platform in 300 ft and 150 ft water depths,
which bound the majority of the lease sale area. For base case definition
purposes the total deck steel weight and facilities weight was assumed to
be 60,000 kips. An additional allowance of 2,500 kips was ineluded for ieing,
ete., giving a total design base case weight of 62,500 kips.

The design criteria for wave, ice, wind, and seismicity have been defined in
Chapter 2. In applying the load conditions, it was assumed that the peak
value of each condition acting alone was sufficient to bound the design
forces and no joint combinations of ice and wave, ice and earthquake, ete.,
were applied. In all cases for all water depths both jacket and pile steel
was assumed to have a 50 ksi yield stress. The piled jacket was designed
according to the provisions of API RP2A, Reference 20.

Method of Approach

The platform is subjected to wave, ice, and seismic forces while operating
inplace. From a preliminary investigation of the relative magnitude of these
forces, it was concluded that seismic loads would control the majority of
the jacket and pile design. Ice forces were expected to be significant only
for the bracing in the waterline region and on the conductor system and
wave loads were assumed to have little or no effect. Consistent with these
preliminary conclusions it was decided to design the structure for the seismie
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loading, to check the structure under ice and wave loading and to protect

‘the conductor system from ice using a cage to shield the members.

The design of jacket structures for energy dominated events such as
earthquakes, requires some modifications of conventional jacket design

" practice. In many non seismic regions K bracing is used extensively in

5.1.1

jackets. This bracing form is not favored in seismic regions and the X

-bracing method is more desirable. This bracing type increases structural

redundancy and ensures a greater number of poteritial load paths in the event
of brace failure.

Several other measures are also required to increase the duectility of the
platform and reduce the possibility of catastropic collapse. The slenderness
(kL/R) ratio is maintained at less than 80 for primary members which ensures
a predominantly yielding rather than buckling type failure. The main bracing
diameter to thickness ratio is held below approximately 38 to minimize
difficulties with local bueckling. The D/t ratio, however, must also be kept
as close as possible to this limit to ensure adequate buoyancy, as tubular
members with D/t ratios less than approximately 30 will not float. This, in
turn, would increase the need for temporary buoya;lcy during launch and
installation procedures.

The API code, Reference 20 allows the use of more liberal safety factors
for design under strength level seismic conditions. A 70% increase (rather
than 33%) is allowed for design seismic loading. In the design for pile
capacities, the code is less specific. In the present study a safety factor of
1.2 was used on the pile capacities under combined seismic and deck loads.
This is consistent with an increase of 70% (rather than 33%) over the normal
pile safety factor of 2.0 for operational loads.

Simplified Seismic Analysis

All designs are iterative in nature. The structure is required to establish
the loads and the loads are required to design the structure. In the design
of the jacket the principal quantities required initially were shear forces
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and overturning moments. Shear forees control the design of the diagonal
members and overturning moments control the number, penetration, wall
thickness and diameter of the piles and as a result the required leg diameters.
In this study the platform was initially designed for a 300 ft water depth.
The intention was to "shrink" the platform by eliminating two bays for the
150 ft water depth. Given the required deck area, slenderness ratios, the
need for X bracing and the D/t ratios, and using experience gained in the
design of existing platforms in seismic areas, an initial platform layout was
derived. The 300 ft platform is shown in Figure 5.1.1 and in the hull size
drawing enclosed. A total of eight piled and grouted legs were used to
support the deck and facilities, with skirt piles providing increased shear
and overturning moment capacity at the base. The platform is continously
cross braced, including the region through the waterline, to efficiently
transmit the seismic loads.

To initially design the members under seismic loading, a simplified stick model
having the same mass and stiffness properties as the real structure was
developed, as shown in Figure 5.1.2. The masses were computed by estimating
the added and structural masses of the complete platform, Figure 5.1.1. The
stiffness was computed by matching second moments of area and the
foundation spring stiffnesses were estimated for various pile head conditions
using the P/Y curve soil/pile interaction program BMCOL76, Reference 21.

The simplified model was used to establish the shear forees and overturning
moments in the jacket. The base case parameters and the range of variation
for variables used is given in Table 5.1.1.

The resulting base shear forces and overturning moments for the design
response spectrum of Figure 2.3.4 are given in Figures 5.1.3 through 5.1.8.
For the base case, in the 300 ft water depth, a base shear of approximately
20,000 kips in the first mode and 8,000 kips in the second mode is indicated.
The simplified model can be anticipated to give estimates which decrease in
aceuracy with increasing mode number. The indicated overturning moment

was 7 x 106 kip ft with minimal second mode contribution.
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From a review of the s1mp11f1ed model it was clear that the forces increase
with the stlffness of either soil translation or rotational springs, increase
with inereased deck weight and increase with reduced water depth. In the
300 ft water depth the fundamental period was approximately 2 seconds,
reducing to approximately 1 second in the stiffer 150 ft water depth
configuration.

The simplified stick model provided the required initial data for the member
sizes and pile details. It also indicated the potential sensitivity of the
conc'ept'to changes in deck weight, water depth and soil stiffness. As a
result of this study, the pile diameter was set at 60 inches with a leg
diameter of 72 ineh. A total of 8 main piles and between 8 and 16 skirt
piles were projected with a maximum penetration limited to 300 ft. In
summary the simplified stick model had provided sufficient information to
proceed with a more detailed analysis and design using a realistic structure.

" Platform Analysis

Platform for 300 ft Water Depth
The platform shown in Figure 5.2.1, was analyzed for seismic loads using

the i‘esponse spectrum method of approach and the computer program SACS.
A detailed computer model of the jacket was developed, which included all
major members. The piles were represented by appropriate short member

~ lengths, computed to have the same stiffness as the spring values derived

from P/Y curves and the soil/pile interaction program BMCOL76, Reference

21. In developing the seismic forces, the first 10 modes and periods were

combined. The modal combination was through the SRSS method and direction
effects were ineluded by applying the 1: 2/3: 1/2 combination rule mandated
by API RP2A. A summary of the first ten periods is given in Table 5.2.1.
Note the occurrence of several period pairs, indicating relatively close

behavior in the two transverse directions.

The pile capacities for the two design soil profiles deseribed in Section 2.5
were computed from the curves shown in Figures 5.2.2 and 5.2.3. Various

penetration depths were computed. For a 60 inch pile and a penetration of
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300 ft the unfactored capacity is 8,000 kips. Note that a 72 inch pile
provides the same capacity with a 250 ft penetration in the weaker soil.

The total resultant base shears and moments developed in the analysis for
various directional combinations are shown in Table 5.2.2. For the API
mandated combination, a breakdown of base shears and moments by mode
are given in Table 5.2.3.

From the response spectrum analysis and the pile capacity curves a total of
24 skirt piles with a 60 inch diameter and 8 main piles with a 60 inch
diameter were required. The skirt piles were cut off at elevation - 230 ft
as shown on Figure 5.1.1, The piles were arranged as shown on the enclosed
full size drawing. It is noted here that for costing purposes, the skirt piles
were increased to 84 inch diameter and the number reduced to 16 to reduce
the pile installation time required offshore with no significant penalty in
terms of environmental load or steel weight. A summary of the pile reactions
under both seismic and wave loading for the configuration in Figure 5.1.1 is
given in Table 5.2.4.

The member sizes shown in Figure 5.2.1 were derived essentially on the basis
of the seismic loads. The platform was checked under the design wave
height of 71 ft at periods in the 10 to 18 second range. Wave loads have
no significant effect on either the pile design or brace design. A summary
of the wave loads on the platform is given in Table 5.2.5. The loads are
approximately 10 to 25% of those developed under seismie loading depending
on the assumption made in the modelling of the cage system used to protect
the conductor system from the ice.

The conduetor protection cage is a number of tubular members of 36 inch
diameter, and a spacing of 7 ft 6 in., which rings the eonductors as shown
in Figure 5.2.5 and on the full size drawing enclosed. For design purposes
2 equal groups of conductors were assumed. The closely spaced members
present a blocking surface to the wave action and because of the close
spacing there will be considerable interference. The lower bound equivalent
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conductor/cage system was assumed to have the same volume as the sum of
the individual conductors. As an upper bound, the system was modelled as
two 40 ft diameter cylinders which completely encloses the conductor groups.
This assumption leads to a significant increase in shears and moments as
shown in Table 5.2.5, but these quantities are still in the order of 20% of
the corresponding seismic quantities and no further analysis was deemed
necessary for wave loads.

The presence of ice imposes three major additional requirements on the
platform.

o Global Loads
o Local Waterline Brace Design
o  Conductor Protection

The maximum global loads on the platform are shown in Figure 5.2.6. These
loads are in the same order as wave loads and have no effect when compared
to seismic loads. The loads were computed based on a 6 ft ice thickness
and the pressure area curve of Figure 2.4.4. The ice was allowed to contact
the structure from both principal directions. Loads were computed for all
members on the face in contact with the structure as shown in Table 5.2.6.
In addition, additional loads were added for the effects of the conductor
protection cages. It was assumed that only broken ice would contact the
cages, and a pressure of 25% of the nominal unbroken ice pressure was used
to compute the contribution of these members.

In addition to this computation the possible effects of the platform as whole
acting in a blocking mode for the ice was determined. The overall dimensions
of the platform in the waterline region are 130 ft x 180 ft approximately.
The maximum diagonal dimension is 225 ft. Assuming an effective width
equal to the diagonal width of the platform, an ice thickness at the design
level for global sheet ice of 2 ft and a pressure of 160 psi, the maximum
force on the entire platform is 10,400 kips. This represents less than 30%
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of the seismic base shear. In addition the base moment is also approximately
30% of the corresponding seismic value.

The implications are that for all realistic ice conditions, the global effects
of ice can be ignored. The local design of the diagonal braces is, however,
influenced by contact with the ice. These braces were designed for the
concentrated loads imposed by the ice. As a result, braces in the waterline
region had wall thicknesses increased by approximately 1/4 inch to resist ice
load.

The major influence of the ice loading is on the conduector system. An
initial decision was made that unbroken ice would not be allowed to contact
the conduetor system. A cage, consisting of 36 inch diameter members was
used to enclose the conductors. The eonductors were divided into two equal
groups and the cage with a spacing of 7 ft 6 in. was designed with supports
at levels +15, -20, and -90. The cage ensured that no unbroken or signifieant
ice piece can contact a conductor directly.

In summary, an eight legged, 32 pile platform was designed based primarily
on seismic loads. Wave loads were found to be insignificant and ice loads
could be accounted for by increasing brace thicknesses in the waterline
region and by providing a cage for the protection of the conductors.

Platform Design for 150 ft Water Depth
The principles and steps involved in the design of a platform for a 150 ft

water depth are the same as those discussed for the 300 ft water depth
case. The lower water depth structure could be anticipated to be significantly
stiffer than the deepwater case. The simplified stick model discussed in
Section 5.1 indicates that the anticipated period in 150 ft water depths is
about 50 to 60% of that obtained in 300 ft. The implication of a stiffer
structure is increased shear forees and possibly moments from the earthquake.

It was decided to examine two cases for the use of jacket structure in a 150
ft water depth.
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1) A single piece jacket carrying all the facilities.

2) Multiple jackets each carrying a share of the facilities.
b * The single piece jacket was developed by eliminating the upper bracing levels
- from the 300 ft jacket design. The jacket is shown in Figure 5.2.7 through
§‘ 5.2.14. The jacket has, as before, 8 main piles at 60 inch diameter and 24
skirt piles an 60 inch diameter. A modal analysis of the platform indicated
ﬁ a fundamental period of 1.24 seconds which is in the expected range. The

first 10 periods are given in Table 5.2.7. A full response spectrum analysis
was performed on these jackets using the SACS program.

B

- The base shear forces and moments for various directional combinations are
& given in Table 5.2.8. The shears are approximately 25% higher than the 300
~ ft water depth case and recognizing the reduced lever arm of the deck mass,
the moments are about the same in both cases. “ '
E An alternative scheme for field development using multiple jackets was
- considered. The feasibility of splitting the faecilities into separate drilling
@ platform(s), accommodation platform, production platform, utilities platform,
pipeline/riser platform, etc., was investigated. The use of such platforms
e allows a reduction in the deck weight per platform, resulting in a simple
system which allows phased development. The multiple platform scheme has
- an almost guaranteed chance of being technically feasible, as the deck weight
d can be continuously reduced if required.
ﬂ The platform layout chosen for the multiple platform scheme is shown in
- Figure 5.2.15 through 5.2.21. For costing purposes it was assumed that four
” platforms each carrying 16,000 kips constituted the required platform scheme.
The natural periods for the four leg, 12- 60 inch diameter pile platform are
given in Table 5.2.9. The base shear and overturning moments as a function
iw of direction are given in Table 5.2.10. The shears and moments are reduced
- to approximately 35% of those developed in the single platform concept.
E The piles were designed with a maximum penetration of 300 ft in the weaker
soil.
™
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Weight Summary for the Various Cases

The estimated weight breakdown for the platforms in 300 ft, 150 ft single
piece and 150 ft multiple structure cases are given in Tables 5.2.11 through
5.2.14. The estimated total weight for the 300 ft water depth single piece
structure is 47,900 kips, with the piles/conductors and jacket accounting for
roughly equal weights. The estimated weight for the jacket in the 150 ft
water depth is 39,500 kips. In the case of the multiple jackets, the estimated
weight of a jacket outfitted for drilling is 16,400 kips and without the drilling
option the weight is 13,190 kips. The cost summary was prepared for the
multiple structure case on the basis of two drilling jackets and two other
platforms a comparison of the jacket buoyancy and weight during launch
indicates that a minimum of 7.5% excess of buoyaney over air weight is

available, with all members closed, indicating that while some temporary
buoyancy tanks may be required, the volume will be small and cost
insignificant.

Cost and Schedule Analysis for Piled Jacket Concepts
In this section, the cost and schedule estimates for the piled jacket platform
will be presented. Costs are provided for three basic cases:

o] Single jacket, all facilities in 300 ft water depth;

o) Single jacket, all facilities in 150 ft water depth; and

o Multiple jacket, four jackets carrying all facilities, 150 ft water
depth.

Two fabrication sites were considered:

o) Japan
0 U.S. West Coast
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;’f‘j : In addition, costs are presented for two production rate cases:

r 0 50,000 bopd

£ o 100,000 bopd

5":

P Only a summary of the cost data is given in this section. An expanded set

of calculations is given in Appendix A.

5.3.1 Specific Assumptions

5"2 In developing costs for the piled steel jacket platforms the following specific
b assumptions were included:
b o Material costs were assumed as follows:
~
bl Jacket, Pile, etc., Steel $600/ton, U.S. and Japan

Module Steel $800/ton, U.S. and Japan
. 4 '
o Jacket fabrication costs were assumed as $1400/ton in Japan
£ and $1700/ton on U.S. West Coast.
b |
m o) Deck fabrication costs were assumed as $1800/ton in Japan and
. $2100/ton on the U.S. West Coast for the support frame.
» o Module steel fabrication costs were assumed to be $2000/ton
- in Japan and $2300/ton on the U.S. West Coast.
- o Pile fabrication costs were assumed as $200/ton in Japan and
o $400/ton on the U.S. West Coast.

B darodi
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A weather downtime of 30% was assumed on the time required

4
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to set the deck and drive/grout the piles.

[ ot

L o] The derrick barge was assumed mobilized/demobilized to the
- West Coast for all cases.
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0 For jacket transport from Japan to Alaska, 2 tugs were assumed.
One tug was assumed to be available in Japan and to return
to Japan. The transport barge and a second tug were mobilized
from the West Coast and returned there. In the West Coast
fabrication case, all vessels came from the West Coast, and
returned there.

¢] The deck support frame was assumed towed on one 300 ft x 90
ft barge, with a 6 knot tow to Alaska and all vessels coming
from and returning to dapan or the West Coast depending on
the fabrication site.

0 The piles were carried on two barges with all vessels coming
from and returning to the fabrication site general location,

o] The deck modules were assumed to be towed in 24 packages on
2 barges, requiring 9 tows, assumed as 4 tandem and 1 single
tow. All equipment came from and returned to the general
fabrication site region.

o A steam hammer was used for main pile driving and a hydraulic
hammer for skirt piles.

o An allowance was made in the development of the costs for
the procurement, fabrication, and transportation of the
conductors. No allowance was made for the installation of the
conductors.

o] For the purposes of costing, 8 main piles at 60 inch diameter,
and 16 skirt piles at 84 inch diameter were used. The platform
was designed with 24# 60 inch diameter skirt piles together
with 8 main piles. The 84 inch diameter piles produce equivalent
capacity, almost equal material weight, but significantly reduce
the pile installation costs and sehedule.
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In the development of the cost data, the pile penetrations
required for the weaker soil profile have been used both in
material fabrication and installation costs.

The facilities costs defined here for piled jacket structures
include the following items.

- Costs for all topsides production equipment, including oil
facilities, gas handling, water/flood equipment, gas
compression and lift, storage, generators/electrical,
utilities, ete.

- Cost for drilling equipment including rigs, generators,
bulk storage, P tanks, mud tanks, pumps, pipe racks,
additional fuel and water storage. Christmas trees are
not included.

- Costs for accommodations as a function of the number
of rigs including helideck, and storage of fuel and

provisions.

- Costs for all yard assembly were based on a number of
assumptions. The costs were based on a weight of 100%
of the dry weight of all production facilities and 70% of
the weight of drilling facilities excluding rigs. The
fabrication time for the Gulf of Mexico per ton of piping
was computed as:

Piping 100 man-hours per ton |
Electrical 20 man-hours per ton
Instrumentation 20 man-hours per ton
Miscellaneous 20 man-hours per ton
Total 190 man-hours per ton
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Costs were based on the following fully burdened rates:

$20/manhour, Japan
$35/manhour, West Coast

In addition a regional cost and productivity factor of 0.9
was used for Japan, 1.1 for the West Coast and 1.0 for
the Gulf of Mexico, i.e., a task taking 1.0 hours in the
Gulf of Mexico takes 0.9 hours in Japan, ete.

- Costs for offshore hookup were based on a rate of
$50/hour and a conservative estimate of 10% of the
manhours required in onshore fabrication.

Costs and Schedules for Various Cases

The costs for a number of different cases for the piled jacket concept are
supplied in Tables 5.3.1 through 5.3.6. The 300 ft water depth platform
costs have been estimated in Table 5.3.1 for Japanese fabrication and in
Table 5.3.2 for U.S. West Coast.

The principal differences in costs are the reduced fabrication costs in Japan
being balanced (partly) by the reduced transport/tow cost from the U.S. West
Coast. The estimated schedule for construction and installation of the 300
ft platform, fabricated in Japan is given in Figure 5.3.1. Key issues are
the pile installation in the limited weather window available. The schedule
calls for an approximate 2 1/2 year construction/installation time.

The anticipated costs for a single piece jacket in 150 ft water depth are
given in Tables 5.3.3 and 5.3.4 for the two fabrication sites. The costs
reflect the reduced weight of material to be fabricated, transported and
installed.
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For completeness the costs associated with the fabrication of the deck,
jacket and piles of the multiple jacket case have been included. These
jackets would probably be installed on a staggered basis as the field
development evolves. The costs are given for the individual jacket in Tables
5.3.5 and 5.3.6. The cost defined here allows $1,200,000 for the procurement
and $400,000 and $800,000 for Japanese and West Coast fabrication of the
conductor material, and for its transport to Alaska with the piles. Note

. that this cost will not be incurred on non-drilling jackets. The total cost of

all facilities aboard the assumed four jackets will be approximately the same
as for the previous single piece case. A simple field development scenario
where all jackets were assumed to be installed individually has been provided
in Table 5.3.7 and 5.3.8. In this case the individual jacket costs have been
multiplied by four with duplicated conductor costs removed. The usual
application of a multiple jacket development is likely to be cheaper than
that developed in this simple case, when duplication of mobilization, ete., is
removed,

The potential reduection in cost for a lower production rate is discussed
briefly in Table 5.3.9. While some modifications in the deck or jacket are
likely, these have been ignored. The major impact on cost due to a lower
production rate will be due to the reduction in the fabrication and hookup
of modules, together with reduced requirements for drilling and production
equipment.

Additional Items

A question of significant importance in the application of the piled jacket
concept is the time required for installation of the piles. The estimated
pile installation time using conventional welding techniques is 139 days
including a 30% weather window allowance. The effective time available
for pile installation is the 150 day period from May to September, hence,

" the required installation time is important.

As an alternative, the use of mechanical connectors, in lieu of welding was
examined for both main and skirt piles. The results of this study are given
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in Table 5.3.10. The results indicate that although the use of connectors -

implies an additional cost of $8.0 MM, the installation time is reduced by
52 days which places the pile installation well within the one season limit.
Hence, subject to the acceptability of mechanical eonnectors, pile installation
within a single season can be assured.

Sensitivity Analysis
A sensitivity analysis was undertaken for four additional parameters together
with the water depth. These include:

Conduetor Location

Deck Weight (Production Rate)
Soil Profile
Earthquake Criteria

© © o o

A fifth sensitivity analysis was conducted for the potential effects of
liquefaction and is reported in Chapter 8.

Conductor Location

Two cases were considered, as shown in Figure 5.4.1. In the first case, the
conductors were placed in the central region, such that symmetry resulted.
In the second analysis, the conductors were placed at one end of the deck.
The effect of a nonsymmetriec conductor placement is the introduction of
potential torsion into the structure. The third platform mode in all cases
is torsion. 'In all cases it was found that placement of the conductors had
little effect with minimal changes required in some brace member sizes.

Deck Weight

The effect of deck weight was studied using the simplified stick model of
Section 5.1. The ratio of base shears for various ratios of deck weight to
the base case deck weight of 62,500 kips (including 2,500 kips for ice
aceretion, ete.) is shown in Figure 5.4.2 Results indicate that the structural
configuration will not change significantly under moderate variations in deck
weight and that small changes in deck weight such as would oceur for changes
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in production rate from 50,000 bopd to 100,000 bopd, would have only a
minor effect on cost.

E? 5.4.3 Sensitivity to Soil Profile “

The soil profile affects mainly the pile design, and to a smaller degree the
m soil/pile interaction model. Two profiles were considered in this study as
. described in Section 2.5. Profile A has sand overlying stiff clay and profile
& B is weaker, with predominantly sand. The basic pile penetration used is 300
£ ft with Profile B, and for Profile A only 200 ft penetration is required with

resulting savings in both steel weight and pile installation costs offshore.

5.4.4 Sensitivity to Seismic Criteria
The seismic ecriteria specified have a controlling effect on the design of the

majority of the jacket members. To assess the effects of using a reduced

earthquake level, the API Zone 3 spectrum was compared with the design
spectrum used in this study. A comparison between the study design spectrum
. and various zones specified in the API RP2A is given on Figure 5.4.3. The
éj o API Zone 3 's‘péctrum isﬁ épproximately 45% less than the design spectrum

n over much of the region of interest.
- The three specific cases of the single jacket in 300 ft water depth, and
i{‘ : both single and multiple jackets in 150 ft water depths were analyzed. A

comparison between the base shears for various earthquake combinations is
given in Table 5.4.1. A summary of the comparison of both interior and
exterior pile loads is given in Tables 5.4.2 and 5.4.3.

n L
+ The results indicate that the number of skirt piles can be reduced by 33%.
- The total estimated weight savings on the jacket system is between 15 and
25%. An estimated weight comparison for the three cases using the design
- and API spectra is given in Table 5.4.4.

It is clear that the use of reduced seismic criteria would signficantly reduce
? jacket cost. It should be noted that jacket cost is not a significant percentage

7
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of total field development costs. However, the use of reduced design criteria
also affects the potential for liquefaction as discussed in Chapter 8.

Conclusions
The piled steel jacket shown in Figure 5.1.1 is a feasible system. A single
piece jacket can be constructed and installed to handle all production and

drilling equipment. Specific conclusions and recommendations for the jacket
are as follows:

(o] The jacket member and pile design is controlled by the seismic
loading. The loads are considerably reduced by using API Zone
3 rather than the design criteria used in this study. The
corresponding weight savings is approximately 25%.

o] Ice loading influences the design of the members close to the
waterline. The members crossing the waterline require
strengthening for local ice foreces. In addition, the conduector
system must be protected by a cage protection system.

o] Wave loads are not critical either in local member or global
design.
o The platform schedule is heavily influenced by requirements for

pile and module installation and the restricted weather window
available. The schedule prepared here was based on the weaker
soil profile and the most severe earthquake. Installation times
can be improved in the event of:

- stronger soils
- lower seismic ecriteria

- allowable use of mechanical couplers for the piles.

o The platform behavior is not sensitive to the location of the
conductors. Reduction in deck weight has little effect on the
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jacket but would lead to a decreased number of piles or reduced
penetration for the piles. - '

Multiple platforms allow a reduction in the complexity of the
single jacket. Pile installation on individual jackets is well
within the single season limit. In addition the jackets can be
custom designed to support designated production and/or drilling
equipment. In the present study a single design deck weight
of 16,000 kips of facilities and structure was considered.

The pile jacket structure designed here is conventional in design,
fabrication and installation, despite the severe environmental
seismic, ice and wave loads. The complexity of the platform
falls well within the experience envelope gained with this type
of system around the world.

Material take-off summaries for steel jackets considered in this
study are given in Tables 5.2.11 to 5.2.14.

Costs havé been developed for a number of different water
depths and production rates. Both West Coast and Japanese
fabrication were considered in Tables 5.3.1 through 5.3.10.

The effects of soil liquefaction on piled jackets must be
considered in the design. These are discussed separately in
Chapter 8.
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HYBRID STEEL/CONCRETE STRUCTURE

The hybrid structure shown in Figure 3.2.1 combines the well proven jacket
concept as the primary support for the deck facilities with a large concrete
caisson used for crude oil storage. The design procedure followed was similar
to the procedure discussed for the jacket in Seetion 5. It was assumed that
the concrete storage unit would be constructed in a graving dock and floated
to an inshore construction site. The steel jacket would be constructed in
sections and transported to the inshore site. The sections would be lifted
onto the ballasted caisson and grouted and welded into position. The deck
and modules would also be installed at the inshore site in a similar manner
to the deck installation for the jacket structures. The completed platform
would then be towed to site and installed.

In this section we will concentrate on the analysis of the combined
steel/concrete system and on the design of the steel upper jacket structure.
The concrete base design is deseribed in more detail in the following chapter
and will not be repeated here.

In the design of the piled steel jacket, it was clear from the outset that
seismic conditions would control. In the hybrid system with its large base
caisson, the expected magnitude of seismic and wave load conditions,
governing global geotechnical stability at the mudline were such that both
conditions required evaluation. At the jacket interface with the base caisson,
it was clear that seismic conditions would dominate and that seismic eriteria
would control the design of the support jacket.

In the design of the jacket, a yield strength of 50 ksi was assumed for the
steel. The concrete caisson was assumed to have normal weight concrete
with a 28 day compressive strength of 7 ksi and 60 ksi reinforecement steel
was used together with standard 270 ksi ultimate strength prestressing steel.

Method of Approach
The approach used in the analysis and design of the hybrid structure was to
separate the design of the jacket and the caisson system. A common caisson




(¢

-ar-

g} was designed for both the hybrid concept of Figure 3.2.1 and the concrete
gravity structure of Figure 3.3.1. The details of the concrete gravity

!‘"‘j structure design are given in Section 7. The base case parameters are as

E“J - specified for the jacket system in Chapter 5.

;F".

£ 6.1.1 Analysis Under Earthquake Conditions

In the analysis of the hybrid system under seismic loading, the approach
taken is described in Figure 6.1.1. The design input response spectrum is

»!” v
®

shown in Figure 2.3.4. This spectrum is calibrated for 5% damping in the
- various modes. This level of damping is suitable for application in the case

kil
b ”@3
[

of pile structures. It is not applicable for large gravity based caisson systems
because of the significantly higher damping inherent in these systems. To

e &
.-

ensure a valid comparison between pile structures and gravity structures for
equivalent seismic inputs, the following procedure was adopted. Artificial

=

‘earthquake time histories were generated which yield the same response

i

spectrum as the input design spectrum. A comparison of a typical artificial

earthquake shown in Figure 6.1.2 and the target design spectrum (at 5%
damping) is shown in Figure 6.1.3. The agreement is excellent.

oo

The resulting time histories were applied t‘o the base of the hybrid structure
as shown in Figure 6.1.1. The large concrete caisson modifies the free field
seismic behavior of the soil to depths in the order of the characteristic base
dimension. This effect called soil/structure interaction is modelled by a

series of added soil masses, springs and dashpots. The specific added mass
springs and dashpots used in the present analysis were computed by the

g’i procedure defined by DnV, Reference 19. The specific spring, and dashpot
. constants used to represent soil/structure interaction are given in Tables
6.1.1 and 6.1.2. The effective shear modulus used was 1,000 ksf. The large
base gravity structure is characterized by significant damping, particularly
" in translational modes. The eritical damping ratio in the present structure
e is 20% in sway, consistent with DnV Rules where only one half of the
~ ~ theoretically estimated (40%) damping is used.

-

[,
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The derived time history, representing the earthquake was applied to a
simplified model for the hybrid structure and its soil structure interaction
as shown in Figure 6.1.1. A comparison between the applied input time
history in the soil and the time history on top of the caisson, i.e., base of
the jacket is shown in Figure 6.1.4. A more illuminating comparison, shown
in Figure 6.1.5, is the response spectrum at the top of the caisson (at the
appropriate damping ratio for the direction of motion) to the input ground
response spectrum (at 5% damping). The comparison give results which are
characteristic of most gravity systems. The high frequency, low period
motions are severely deamplified. This is due to the inability of the
soil/structure system to respond to, and transmit them. The larger period
motions are amplified with a peak value at the natural period of the
soil/structure system (approximately 2.2 seconds for 300 ft water depths).
A careful review of the time histories in Figure 6.1.4 will confirm the shift
to longer period motions. The derived motions at the top of the caisson
were input directly into the steel jacket as a response spectrum. Given the
motions at the caisson top, the jacket ean be analyzed using response spectrum
techniques in exactly the same way as the piled jacket was analyzed previously
except that a fixed base condition is used at the caisson top rather than
the pile springs used previously. The SA